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Introduction and Motivation
In recent years, many countries have implemented policies that offer incentives to encourage residential energy-efficiency upgrades. These typically include certain home renovations (such as insulation and new windows) and equipment (such as high-efficiency heating and cooling systems, and selected appliances). A major goal of these policies is to reduce the emissions of greenhouse gases associated with electricity generation and energy use in the home. Additional benefits include diminished reliance on fuel imports and reduced pressure on highly congested grids. Support for these policies is motivated by their large potential, as buildings account for some 30-40% of all energy use, and alleged low or even negative cost (Levine et al. 2007; Choi Granade et al., 2009 ).
Despite the extensive reliance on these systems, little is known about their effectiveness at reducing energy use and the associated greenhouse gas emissions. Assessing incentive programs is inherently difficult because of adverse selection issues (people replace equipment at the end of its life; Sandler, 2012) , free riding (people may install thermal integrity measures, but would have anyway, even in the absence of the incentives) and because these programs are likely to attract persons who are more productive at reducing energy use (Joskow and Marron, 1992) .
Unless these factors are appropriately accounted for, evaluations will typically overstate the effectiveness of the programs (Joskow and Marron, 1992; Boomhower and Davis, 2013) .
Evaluating incentive programs requires answering three key, and related, questions. The first is how responsive households are to the incentive amount: In other words, by how much must the incentive be raised to result in the desired number of energy efficiency adoptions? Despite the extensive reliance on residential energy efficiency incentives, the evidence about the first question is mixed and inconclusive (Walsh, 1989; Hassett and Metcalf, 1995; Boomhower and Davis, 2013) . Identifying the energy use reductions that can be correctly be attributed to incentive programs--the second key question above-is even more challenging. An important concern is free riding, which occurs when the economic agents targeted by the policy take the incentives, but would have done the home renovations or appliance replacements anyway. Blumstein (2010) and Vine et al. (2001) discuss the difficulty of recognizing free riders, and other studies have used a variety of approaches to estimate the shares of free riders in incentive-based programs (Joskow and Marron, 1992; Malm, 1996; Grosche and Vance, 2009; Boomhower and Davis, 2013) . In practice, some studies simply assume free ridership away, others assume that the impact of free riders cancels out with other behavioral responses (Haberl, Adensam and Geissler, 1998) , and others yet assume that a specific percentage of the program participants are free riders (e.g., Allaire and Brown, 2012) .
Ignoring free riders overstates the cost-effectiveness of an incentive program-the third key question above-sometimes to a staggering extent (Joskow and Marron, 1992) . Hartman (1988) establishes that the average conservation truly attributable to an audit program is only 39% of the savings calculated based on a naïve comparison between participants and nonparticipants. Waldman and Ozog (1996) study a specific "demand side management" (DSM) program and estimate that it only accounts for 71% of total energy conservation; the rest would 4 have happened regardless. In Loughran and Kulik (2004) DSM expenditures are found to have reduced electricity usage by at a cost per kWh that exceeds the price charged to consumer.
In contrast, Gillingham and Palmer (2013) and Blumstein (2010) discuss free drivers, namely persons who do not avail themselves of the incentives offered by a program, but choose to make energy-efficiency purchases because their awareness has been raised by the existence of the program. Alberini, Banfi and Ramseier (2013) report that climate change concerns and CO 2 emissions are important drivers of Swiss homeowners' decisions to undertake energy efficiency upgrades, at least as reported in a stated preference survey, and Ramseier (2013) finds that energy consultants exert an important influence in the nature and extent of actual energy efficiency home renovations in five cantons in Switzerland.
In this paper we report the results of a study where we gathered both revealed and statedpreference data from a sample of Italian homeowners. The survey was conducted in May-June 2013 through computer-assisted web interviews. Tax credits to help defray the cost of energy efficiency home renovations have been available to Italian homeowners since the beginning of 2007. Until recently, specified energy efficiency upgrades on existing homes and buildings, including heating system replacements, insulation, and new windows, qualified for 55% tax credits on the purchase and installation costs. From June 6, 2013 to December 31, 2013 (June 30, 2014 for renovations in communal parts of apartment blocks), the tax credits were temporarily increased to 65% of the purchase and installation costs.
The Italian Renewable Energy Agency (ENEA) reports that hundreds of thousands of tax credit claims have been filed every year since the inception of the program. Unfortunately, the Agency does not make the individual claim data available (ENEA, 2009 (ENEA, , 2010 (ENEA, , 2011 Alberini, Bigano and Boeri, 2014) , which prevents us from studying the reasons for the energy-efficiency 5 renovations and the responsiveness to the size of the incentives themselves. We circumvent this problem by developing a survey questionnaire to gather information about upgrades covered by the tax credits, their costs and characteristics. The questionnaire was administered on-line to a representative sample of Italian homeowners.
Since adverse selection and free riding are likely to be pervasive in the presence of energy-efficiency upgrades funded through incentives, in this paper we deploy a somewhat different approach to getting around this problem and getting a "clean" estimate of the costeffectiveness of the program. Specifically, we query a group of people that is arguably unaffected by these behaviors-those who weren't planning to change their heating equipment, or do any other energy efficiency upgrades any time soon-to study their responsiveness to potential savings, the life span of the investment, and the size of the incentive. With these persons, we use stated preference questions. Our study design randomly assigns savings, equipment lifetimes and incentives to these persons, making the setting similar to that of a randomized controlled trial. We likewise use random assignment to a specific treatment-the reminder that more energy-efficient equipment reduces CO 2 emissions-to examine the importance of "public good" considerations (Kotchen and Moore, 2007; Kotchen, 2009; Jacobsen et al., 2012) .
We use the responses to our hypothetical questions to fit an energy-efficiency renovations curve that predicts the share of the population that will undertake these improvements for any given level of the incentive. Combined with information about CO 2 emissions and the likely remaining life of the equipment to be replaced, this curve is used to estimate the CO 2 emissions saved and their cost-effectiveness.
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Briefly, we find that the responses to our survey questions are internally valid.
Respondents are more likely to agree to a heating equipment replacement when the savings on the energy bills are larger and experienced over a longer horizon, and when rebates are offered to them. Each $100 increase in the incentive amount raises the likelihood of replacing the heating system at the stated conditions by 3 percentage points. The reminder about CO 2 emissions reductions and climate change, however, had little effect. Even under optimistic assumptions about energy and emissions savings, and the remaining life of the equipment to be replaced, the cost-effectiveness of incentives of size comparable to that in the Italian tax credit program is generally not favorable.
The remainder of this paper is organized as follows. Section 2 provides background about energy efficiency incentives in Italy. Section 3 presents theoretical considerations. Section 4 describes methods and study design. Section 5 presents the econometric model. Section 6 describes the data. Section 7 reports on estimation results, and section 8 concludes.
Policy Background
Effective February 19, 2007, a national law allowed homeowners to deduct from their income taxes up to 55% of the expenses incurred to implement certain types of energy efficiency renovations or source of renewable energy in existing homes.
2 (Earlier legislation in place since 1998 allowed deductions for renovations--36% of expenses--but did not target energy efficiency renovations.)
These include the replacement of the heating system, windows and doors; attic and wall insulation; the entire building envelope, and hot water solar panels. Photovoltaics are specifically excluded because they are addressed by other laws and programs. Applications for the tax credits 7 must be accompanied by a professional engineer's certification of the renovations and estimated energy savings. After 2007, the law was amended, in that changes were made to the number of years over which the tax deductions can be spread.
The Italian Renewable Energy Agency (ENEA, 2008 (ENEA, , 2009 (ENEA, , 2010 replacement, 30% for heating system replacement, 15% for thermal solar panels, 4% for attic, ceiling or floor insulation, and 2% for "vertical wall" insulation.
Theoretical Considerations
Decisions about energy-using capital (or home renovations that improve the thermal integrity of the dwelling) and energy usage are usually represented assuming a two-stage utility maximization process. In the first stage, the household chooses the level of consumption of other goods and the desired level of "energy services" (e.g., thermal comfort). In the second stage, the household chooses the combination of capital stock K and energy use E that minimizes expenditure for any given level of energy services. At the optimum, the slope of the isoquant representing the possible combinations of capital and energy for any given technology is equal to the ratio of capital and energy prices. in isoquant S2 is more efficient than that in isoquant S1, since the former uses less energy at any given level of capital. At a given initial level of prices, the hypothetical household represented in Figure 1 selects optimal point A. Subsidies or tax credits expressed as a percentage of the price of capital change the isocost line, which becomes steeper and has a higher K-intercept. This results in optimum B, which uses more capital and less energy than A.
It can be shown that the first order conditions for the private optimum imply that households energy-saving home renovations to the point where the marginal benefit from the investment (the marginal willingness to pay for thermal comfort) is equal to the private marginal cost of the investment. On aggregating the individual households' demand functions, one obtains the market demand for home renovations, which is the solid downward sloping line in Figure 2 .
The private-optimum number of renovations is Q 1 .
Using energy, however, generates externalities (such as emissions of conventional pollutants and CO 2 associated with power generation, excessive load on the grid, dependence on foreign imports of fuel, etc.), and so the social marginal benefit is the dashed line in Figure 2 .
The social optimum is Q*, which is clearly greater than Q 1 .
Offering a tax credit on the cost of energy-efficiency investments lowers the marginal cost of the investment (dashed flat line in Figure 2 ), but if households cannot be forced to internalize the externalities associated with energy production and use, the final outcome will be at point C, and those households that would have done the renovation at the initial, unsubsidized cost level-the free riders-will simply pocket the amount of money corresponding to the area of rectangle DFAE.
In this paper, we collect information from the households who received incentives, and we focus on estimating the slope of the line from A to C: In other words, we seek to establish how many more adoptions of energy-efficient technologies can be attained with each subsequent increase in the subsidy. We also seek to establish whether reminders about the importance of 9 reducing CO 2 emissions get people to internalize the social benefits of energy-efficient technologies.
Study Design

A. Questionnaire and Study Design
We gathered extensive information about recent and potential future energy efficiency upgrades through a survey of Italian homeowners. The questionnaire collected information about the structural characteristics of the respondent's home, fuels used, and energy costs. It also inquired about hot water solar panels (a form of no-emissions renewable energy), heating equipment, appliances such as refrigerators and washing machines, and measures that improve the thermal integrity of the home (insulation and new windows). For each of these devices, we elicited information about the existing equipment, including make and model, year of installation, capacity and energy efficiency rating.
For heating equipment bought in 2007 (the date of inception of the tax credit policy) or later, for example, we asked how much it cost, whether a government rebate or tax credit was applied to that purchase, and how much that was. If the equipment was older, we asked the respondent if he or she planned to replace it within the next five years. If not, we further asked respondents whether they would replace it within five years at a cost of €2000, if doing so resulted in R% savings in the energy bills over the subsequent T years. R and T were varied at random across respondents. R ranges between 10 and 40%, whereas T ranges between 13 and 25 years.
Those respondents who were willing to make the purchase within the next five were asked if they would make the purchase within the next three years. Those who declined were 10 offered a hypothetical rebate (ranging from €100 to €1000 for heating equipment) to see if that was sufficient to change their minds. A summary of the structure of these hypothetical questions is depicted in figure 3 . Half of the respondents were also told that changing the equipment would reduce greenhouse gas emissions, to see if this would encourage them to make the (hypothetical)
investments. Respondents were assigned at random to the variant of the questionnaire that reminded them about CO 2 emissions.
The questionnaire also elicited the respondent's attitude about conservation and energy efficiency. The last section of the survey instrument asked questions about the respondent's socio-demographic and economic circumstances.
B. Survey Administration
The survey questionnaire was administered via internet to a sample drawn from the panel of consumers assembled in Italy by IPSOS, an international survey firm. Respondents were recruited among persons who own homes built before or in 2000 and live in them, and were placed into one of three possible groups: i) those who had done one or more energy-efficiency renovations between 15 and 6 years before the survey, ii) households who have done energyefficiency improvements in the previous 5 years, and iii) households who haven't done energyefficiency improvements in 15 or more years.
We gathered a total of 3025 completed questionnaires between May and June 2013. The geographical distribution of the sample mirrors that of the population.
C. Follow-up Surveys
Since information about the monthly usage of electricity and gas in Italian households is generally limited, we developed a follow-up questionnaire that was administered in alternate months to a total of 200 participants in the main survey-100 each month-from July to December 2013. Like the main survey questionnaire, the follow-up questionnaire is selfadministered on-line. We used it to inquire about electricity and gas consumption and expenditures from the most recent utilities bills, and about any changes in the stock of energyusing equipment and appliances. We use this information to check whether our main survey sample is similar to the Italian population in terms of residential energy consumption.
Econometric Model
In this paper we wish to estimate an "energy efficiency uptake curve" that predicts the share of the public that will do energy efficiency renovations at any given subsidy level.
Attention is restricted to heating equipment. We exploit our study design, focusing on the people that are the least likely to be engaging in free riding or adverse selection-namely those homeowners who do not plan to replace their heating system any time soon.
We posit that a homeowner will accept a subsidy if the offered incentive X is greater than his or her "reservation incentive" * S . We do not observe a person's exact * S ; however, based on the responses to the hypothetical upgrade questions we know whether it is above or below a certain value.
In the simplest specification of our econometric model, we let
, where  is normally distributed with mean zero and variance  2 and  is the mean and median reservation subsidy, namely the figure that must be offered so that 50% of the population accepts it. The econometric model is thus
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(1)
where ( ) denotes the standard normal cdf.
Equation (1) is a probit model with the intercept and a single regressor, namely the rebate amount offered to the respondent. In practice, the survey responses provide information sufficient to specify an interval-data model. Consider for example respondents who do not plan to replace their boiler or furnace in the next five years, would not replace it at the initial conditions stated in the questionnaire (i.e., €2000 price and specified savings R% over a given equipment lifetime T), but would change it if a rebate of €X was made available to them. The incentive that must be offered to these persons is thus comprised between 0 and €X. Had these persons declined the €X incentive, then the "ideal" subsidy would be greater than €X. Had these persons accepted to replace their heating system even without a rebate, their subsidy would thus be zero, or less.
3
We thus amend equation (1) to obtain an interval-data model, where each person's contribution to the likelihood function is the probability that his or her unobserved * S lies between the lower and upper bounds we infer from his or her responses. Formally, this is
where X L and X U denote the lower and upper bound, respectively.
Economic theory suggests that the expectation of * S should depend on the attractiveness of the hypothetical "heat replacement package" z, may be affected by the direct reminder of the CO 2 emissions associated with heating (dummy TREAT), and may also be affected by individual or household characteristics w:
3 We remind the reader that these replacements are hypothetical.
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In alternate specifications, z includes i) the percentage savings R and the lifetime T of the equipment (which are exogenously assigned to the respondent), or ii) the savings on the heating bills, which we compute based on i) and on the heating bills reported by the respondent in the survey.
Once the coefficients in (1) -(3) are estimated, we use them to construct the curve that predicts the share of the population that will do a renovation at specified conditions for each incentive amount X. We then combine this curve with information about energy consumption and CO 2 emissions to compute the expected CO 2 emissions reductions associated with each incentive amount, and the cost effectiveness of these emissions reductions.
The Data
We collected a total of 3025 completed "wave 1" questionnaires. After we eliminated duplicate questionnaires we were left with a usable sample size of N=3015 questionnaires. Our first order of business is to determine whether the respondents, who were interviewed on-line and were recruited from the IPSOS panel of consumers in Italy, are reasonably representative of the population.
On comparing the characteristics of the 200 participants in the follow-up surveys with the original 3015 respondents, it appears that the former are very similar to the latter in terms of house size, type and age, fuels used, and in terms of respondent age, education, family status and income. The 200 follow-up subjects did report information about their electricity and other fuel consumptions, and their energy consumption is similar to that of the population of residential customers in Italy. Based on this evidence and on the similarity of the 200 follow-up subjects to the original 3015 main survey respondents, we believe that the sample from the main survey is representative of the population of Italian homeowners and residential customers.
As mentioned, attention in this paper is restricted to heating equipment replacements. As shown in table 1, 841 households (27.89% of the sample) replaced their heating equipment between 2007 and the time of the survey. A total of 520 households (17.25%) have not changed their heating equipment in the last six years, but are planning to do so within the next five. The remaining 1654 stated that they didn't change their heating systems in 2007-2013, and are not planning to change them in the next five years. This is the group that received the questions about heating equipment replacement under well-specified hypothetical conditions. Since these respondents are not planning to change their heating equipment any time soon, we argue that they are exempt from free riding behaviors. 4 We focus on the answers to these hypothetical investment questions in the next section of this paper. Figure 4 shows that over 71% of the respondents use a boiler to heat their homes, and that condensation boilers account for some 12% of the sample. Stoves account for 5.7% of the sample. Natural gas is the most popular heating fuel for the full sample (see figure 5 ).
It is noteworthy that respondent interest in reducing CO 2 emissions was modest for both incentive takers and non-takers, but stronger among incentive recipients, and that about a quarter of the incentive recipients reports that they wished to save money on their heating bills. In contrast with Alberini et al. (2013) , concern about rising energy prices is minimal in this sample.
Results
As shown in table 3, a total of 654 out of the 1654 respondents who hadn't replaced their heating equipment in the last six years nor were planning to any time soon stated that they would be willing to replace it within the next 5 years if the new equipment cost €2000 and realized the benefits stated to them in the questionnaire. Those who were reminded of the CO 2 emissions reduction benefits were only 5 percentage points more likely to agree to the hypothetical replacement scenario (table 4) .
As show in table 5, the likelihood of agreeing to the (hypothetical) replacement increases with the lifetime of the equipment (which is also the horizon over which the energy bill savings would be experienced), but respondents did not really distinguish between 13 and 15 years, and 20 and 25 years, respectively. Our respondents were sensitive to the extent of the savings made possible by the hypothetical new heater: Raising the percentage savings from 20 to 30% increases the acceptance of the hypothetical replacement by 7 percentage points, and further raising them from 30 to 40% increases them by 15 percentage points (table 6). Table 7 shows that offering rebates got 23.2% of the "no" or "uncertain" respondents to agree to do the hypothetical replacement. Clearly, as shown in table 8, the likelihood of agreeing to the hypothetical replacement increases with the size of the rebate.
We recode "don't know" responses as "nos" and on the basis of this interpretation we construct bounds around the latent subsidy that must be offered to each respondent, as explained in Section 4. Our interval-data models are estimated by the method of maximum likelihood, and we report the results of basic specifications in table 9.
Panel (A) in table 9 shows that the mean and median subsidy is €362. The distribution of the latent subsidy variable has, however, a high dispersion: The standard deviation of the latent subsidy is €1385. Panel (B) indicates that the responses are internally valid: The greater the savings, and the longer the time horizon over which they will be realized, the lower the rebate that must be offered to the respondents for them to do the hypothetical heater replacement.
Many respondents reported detailed information about their heating bills, and we used that information to compute the exact savings-in euro per year-made possible by the hypothetical heater replacement that was described to them in the questionnaire. If respondents do not discount future savings, then the total savings over the heater lifetime are equal to the annual savings multiplied by T. We entered total savings in the model of panel (C), and the estimation results confirm that the responses are internally valid: The coefficient on total savings is negative and significant, indicating that the larger the savings, the less the rebate that must be offered to people for them to do the hypothetical heater replacement. The result is robust to accounting for persons who do not report their heating bill (panel (D)) and to discounting future savings at a rate of 5% per year (panel (E)). dummy (here coded as 1 for no reminder and 2 for reminder) has the expected sign, in that the rebate that must be offered to the respondent, all else the same, is smaller when people are reminded of the CO 2 emissions reductions benefits of higher-efficiency heaters, but is not statistically significant at the conventional levels.
Further controlling for the age of the current system (when available) makes no difference (panel (B) of table 10). In panels (C) and (D) we add respondent characteristics (two educational attainment dummies) and household income dummies. The coefficients on these variables generally have the expected signs. For example, the rebate that must be offered to respondents for them to accept the (hypothetical) heater replacement is lower with persons who have a college (university) degree or have done graduate studies, but this effect is not significant at the conventional levels. Persons whose household income is below €30,000 a year must be offered a larger rebate (about €210 more), and this effect is significant at the 10% level. Persons who declined to report their household income require an even larger subsidy-about €422 more than the others, all else the same. This latter effect is significant at the 1% level.
We use the results of specification (C) in table 9 to construct curves that predict the share of the sample that will accept to do a hypothetical renovation for any given subsidy amount. We assume a heater lifetime of 17 years, which is roughly in the middle of the lifetimes offered to the respondents in the survey and is consistent with reports from persons who recently replaced their heating systems, and compute separate curves based on the standard normal cdf for 10%, 20%, 30% and 40% savings, respectively, assuming no discounting and an average annual heating expenditure of €812 (the sample average).
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We plot the curves for the 10% and 40% cases, along with their 95% confidence bands, in Figure 6 . As shown in this figure, the curves actually approximate straight lines: For each €100 increase in the subsidy, "participation" (i.e., undertaking the proposed replacement) increases by 3 percentage points. At the stated conditions, 36% and 50% of the households would undertake the proposed heater replacement without a subsidy.
Focusing for the sake of the illustration on a population that is equal to the sample itself (1654 households) and assuming that all of them use natural gas for heating, we compute the CO 2 emissions reductions per year associated with various scenarios, and display the results for 18 two such scenarios in Figure 7 . For the 10% energy savings scenario, our estimates range from 119 to 216 tons CO 2 per year (at zero and €1000 rebate, respectively). For the 40% energy savings scenario, the CO 2 emissions reductions range from 654 to 1016 tons per year. These figures are based on parameters provided by the Italian Gas Authority, which indicates that the average household uses 985 sm 3 per year, and that the average CO 2 emissions per sm 3 is 2.0064 kg.
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We compute the cost-effectiveness of the public program that issues the incentive over what would have been the remaining life of the equipment, which we assume to be 5 years. 7 The emissions reductions occurring in the future during this lifetime are discounted at a 4% rate, and we ignore administrative costs. The results from this exercise for 10% and 40% energy usage reductions are shown in Figure 8 . The cost per ton of CO 2 removed is reasonably good at low subsidy amounts when the energy usage and emissions reductions are large (40% of the baseline emissions). But with a rebate of €1000, which is approximately equal to the rebate offered by the 55% tax credit program in Italy for a high-efficiency boiler that costs €2000, the cost per ton of CO 2 removed is €279, which is high compared to the typical social cost of carbon figures used in other countries (e.g., the US and the UK), 8 and close to the cost-effectiveness from heating system replacements (€300 per ton) computed in the ENEA report for 2009. 6 The CO 2 emissions rate depends on the calorific rate of the gas, which in turn varies with the country of provenance. We took a sales-volume-weighted average of the emissions rates. 7 Our study participants indicated that the average age of the replaced heating systems is 17 years. The 1654 persons who are not planning to change their system within the next 5 years report an average heating system age of 12 years. Should they replace their heater now, at the conditions stated to them in the survey, we thus assume the remaining life to be 5 years (=17-12).
Emissions reductions of 40%, however, are unlikely. Even savings of 30% are considered optimistic in the case of a condensation boiler compared with a conventional one. 9 At lower and more realistic usage and CO 2 emissions reductions, the cost-effectiveness is less favorable (over €1000/ton for an incentive of €1000), but still reasonable as long as the rebate is €500 or less.
Concluding Remarks
This paper has looked at incentives for residential energy upgrades in Italy using data collected through an original survey of households, which we administered to over 3000 Italian homeowners between May and June 2013. For the purpose of this study attention is restricted to heating system replacements, and to the effect of monetary and non-monetary incentives on their propensity to replace their heating equipment with a more efficient one. Our non-monetary incentive is created through reminding half of the respondents about the beneficial effects of energy efficient equipment on greenhouse emissions reductions.
We focus on those persons that are the least likely to engage in free riding-persons who are not planning to change their heater any time soon. We use a stated preference approach to see under which circumstances they would do replace their heating equipment. Specifically, we ask whether savings in energy costs over a sustained horizon would be sufficient, or whether these households need incentives to replace their boilers or furnaces. We also inquire whether reinforcing one's awareness of CO 2 emissions helps.
We find that the responses to our survey questions are internally valid: Respondents are more likely to agree to a heating equipment replacement when the savings on the energy bills are larger and experienced over a longer horizon, and when rebates are offered to them. Each $100 increase in the incentive amount raises the likelihood of replacing the heating system at the 20 stated conditions by 3 percentage points. The reminder about CO 2 emissions reductions and climate change, however, had little effect. This finding is potentially useful for effective policy targeting.
We further compute the CO 2 emissions reductions that can be expected of the households in our sample under the various scenarios in our study. We find that the associated cost per ton of CO 2 removed is reasonable, but only when high-efficiency heating equipment delivers large energy use and emissions reductions and the subsidy is small. When subsidies are as high as those that one would be able to claim under the Italian tax credit program for a €2000 boiler (the cost posited to the respondents in the questionnaire, which we based on market prices), the cost per ton of CO 2 emissions avoided is relatively high-even under the "best case" assumptions and without questioning whether respondents would truly behave as they say they would. Calculations assume that the emissions reductions are proportional to the savings stated to the respondent in the survey questionnaire, 985 sm 3 of natural gas use per household per year, 2.0064 kg CO 2 emissions per sm 3 of gas, stated lifetime of equipment of 17 years. Calculations assume that the emissions reductions are proportional to the savings stated to the respondent in the survey questionnaire, 985 sm 3 of natural gas use per household per year, 2.0064 kg CO 2 emissions per sm 3 of gas, stated lifetime of equipment of 17 years. 
